It is well-known that outside the uterus blastocysts are not subject to the usual physiological constraints and are able to attach almost indiscriminately to many types of substrates (2) . Inside the uterus, however, the requirements are much more exacting, and it is equally well-known that normal intrauterine attachment is tightly hormonally controlled (3, 4) . Thus it is something of an enigma that the only site in which blastocysts cannot attach ubiquitously is the natural tissue of attachmentthe uterus. That it is the uterine epithelial cells that act as the barrier to attachment was established in the now classic work by Cowell (5) .
If the barrier to attachment and implantation resides in the epithelial cells, then it is likely that the plasma membrane of these cells plays a crucial role. This membrane is the first site of contract between embryonic and maternal cells in a wide variety of species, and regardless of the ultimate mode of implantation and type of placentation, the process always seems to begin with attachment between the plasma membrane of uterine epithelial cells and the trophoblast (6, 7) . Given the importance of this initial interaction, it is likely that there are also common responses in the plasma membrane of uterine epithelial cells across species boundaries.
THE PLASMA MEMBRANE OF UTERINE EPITHELIAL CELLS
Compared with their individual actions, the hormones progesterone and estrogen acting together, as they do during early pregnancy, have dramatically different effects on the appearance of the plasma membrane of uterine epithelial cells (8) . In rats and mice the long, thin, regular microvilli characteristic of typical epithelial cells and seen in uterine epithelial cells during the estrous cycle and the first couple of days of pregnancy are gradually replaced by shorter, less regular microvilli. These shorter, irregular microvilli are then gradually lost until by days 5 to 6 of pregnancy-when the blastocyst can attach-the apical membrane consists of different forms of highly irregular, flattened, projections. Later, on day 6, the apical plasma membranes of opposing uterine epithelial cells, or of blastocyst and uterine epithelium when a blastocyst is present, come into close contact, by which time most types of apical projection are lost and the membranes run more or less parallel with each other over extended areas (9) (10) (11) (12) (13) (14) .
These membrane alterations are apparently essential if blastocysts are to begin normal intrauterine implantation (13, 15) and can, moreover, be induced in virgin ovariectomized rats in the absence of blastocysts, indicating that they are predominantly a maternal response not requiring a blastocyst for their occurrence (16) . Moreover, regular microvilli return to the apical plasma membrane soon after the period of uterine receptivity for attachment, thus also indicating the tight correlation of the membrane alterations with receptivity (10). The membrane alterations are thus a morphological sign of a uterus that is receptive for the onset of implantation.
In species other than rats and mice there is evidence of membrane alterations during early pregnancy, which bear a morphological similarity to those described above. However, in these cases studies have rarely been as extensive, and it is not clear in these other species if the membrane alterations are general along the uterus as in rodents or whether they occur only in the presence of a blastocyst. In a marsupial, Roberts and Breed (17) reported flattening and loss of apical microvilli of uterine epithelial cells at attachment in a reaction they described as very similar to rats and mice. Blankenship et a/. (18) reported that attachment in the Chinese hamster is also quite similar to that in the rat, with extensive remodelling of microvilli into irregular protrusions of the plasma membrane, and Winterhager and Denker (19) (23) found loss of microvilli and formation of large rounded cytoplasmic protrusions of the apical plasma membrane as pregnancy progressed. In cats, Leiser and Koob (24) found that uterine epithelial cell surfaces became quite smooth during early pregnancy, and in goats, Wango ef a/. (25) reported that uterine epithelial cell microvilli were flattened and that membranes of that cell type and of the trophoblast came into very close contact. In many ruminants and ungulates in general, Wooding and Morgan (26) have noted that uterine epithelial cell microvilli are completely displaced at attachment. Dantzer (27) working on crossbred pigs, reported loss of microvilli and conversion of remaining microvilli to a shortened form as pregnancy progressed toward the time of attachment, and in camels Skidmore ef a/. (28) showed that microvilli were lost on uterine epithelial cells at attachment, only to be reformed in the mature epitheliochorial placenta. In the rhesus monkey, Enders ef a/. (29) showed loss of microvilli and other flattened membrane areas on uterine epithelial cell surfaces at attachment, and in humans, several workers have pointed out similarities between the behavior of rodent and that of human uterine epithelial cell plasmalemmas during early pregnancy (30) (31) (32) (33) .
MOLECULAR CORRELATES
Apart from these purely morphological similarities, there are also common aspects of attachment at the molecular plasma membrane level, although these have not been as well studied across species.
Intramembranous particles, the molecular morphological expression of integral membrane proteins as seen in freeze-fracture electron microscopy, increase in density in the apical plasma membrane in the early days of pregnancy, leading to attachment in rats (34) , pigs (35) , and rabbits (19) , and cholesterol in the apical plasma membrane increases in rats (36) and rabbits (19) . In other regions of the membrane, tight junctions of the lateral plasma membrane increase in depth and or geometrical complexity in a remarkably similar fashion in rats (37), rabbits (38) , pigs (35) and women (39) , and gap junctions, or at least certain connexins, are also increased in the time leading to uterine receptivity in rabbits (40) , rats (41) , and women (42) .
The glycocalyx of the apical plasma membrane has also been shown to exhibit common behaviors across species. An overall reduction in surface negativity as well as in the morphological glycocalyx in most species so far studied, including rats, mice, rabbits monkeys, and women, now seems to be reasonably well accepted by many workers (8, 13, (43) (44) (45) (46) . Much recent interest has been focused on a specific component of the glycocalyx, the large mucin, MUC 1, which is similarly reduced on the apical plasma membrane in mice (47) , monkeys (48) , and pigs (49) . Molecules specifically up-regulated in the plasma membrane and found across species are so far less well characterized but recent work has implicated carbohydrate moieties containing A/-acetylglucosamine and there is emerging evidence that some integrins and interleukin receptors may be similar in rodents, pigs, and humans (45, (49) (50) (51) (52) .
PLASMA MEMBRANE TRANSFORMATION
In terms of the purely morphological membrane changes, it is especially striking, in species such as the pig and camel with epitheliochorial placentae, that before and during initial contact between uterine epithelium and blastocyst, the regular microvilli of the uterine epithelium flatten out, only eventually to return in the mature placenta. Thus even in these mammalian species without epithelial penetration, plasma membrane alterations with much in common with those seen in rodents seem to be a precursor of successful attachment. It would be fascinating if this were also the case in viviparous lizards with epitheliochorial placentae. The apical region is not, however, the only portion of the plasma membrane to undergo changes during early pregnancy. As we have seen, alterations also occur in the basolateral plasma membrane in preparation for attachment and these too have similarities across species. Additionally, there are molecular alterations in the plasma membrane during early pregnancy, which have similar aspects across species. Thus, to emphasize the common aspects of the membrane alterations across species and that the alterations are an ongoing phenomenon during much of early pregnancy, not just at the time of attachment itself, to highlight the fact that apical and basolateral alterations occur morphologically and molecularly and that, moreover, there appears to be a degree of commonality at these levels across species, we have suggested (8, 45, 53) that the membrane alterations during early pregnancy be referred to, in general, as "the plasma membrane transformation." It is further suggested that this transformation is a common backdrop on which other, more local, regulators are superimposed to facilitate attachment and implantation.
